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In this work, we proposed a new concept of whole gamma imaging (WGI), which
is a novel combination of PET and Compton imaging. An additional detector ring, which was used as
the scatterer, was inserted in the field-of-view of a conventional PET ring so that single gamma
rays can be detected by the Compton imaging method. We prototyped the insert geometry whereby a
scatter ring (24 x 24 array of 1 x 1 x 6 mm3 GAGG crystals, 20 cm in diameter and 5 cm long) was
inserted into a PET ring (16 x 16 x 4-DOl array of 2.9 x 2.9 x 7.5 mm3 GSOZ crystals, 66 cm in
diameter and 22 cm long). Experimental results showed the initial feasibility of the WGl concept.

PET



PET

PET

PET whole gamma imaging (WGI)
WGl (
1 PET
PET
PET
1157keV
44SC
PET + Compton camera
Whole gamma imager (WGI)
PET (absorber) PET
Insert (scatterer) @fﬁnpton
_ PET mode Single-y mode Triple-y mode
Target 18F etc. 9mTe, etc. 43¢, etc.
Imaging Reconstruction from Reconstruction from Potential of direct
principal count histogram count histogram localization
WGI
GEANT4 PET 66¢cm 22cm 2.9x2.9x7.5mm® GSOZ 16x16x4
Dol 20cm 5cm 1.0x1.0x6.0mm* GAGG
24x24 ( 2 () 1274keV
2Na
5cm 7.3mm
( 2@ time-of-flight (TOF)
TOF 6cm 7.5cm
300 T
‘Absorber 250 [ Triple-y mode 22Na@5cm off-center |
GSOZ (2.9x2.9x7.5mm3) . T .
) 16 x 16 x 4-DO array o 20 (simulation)
E 0 detector x 4-ring S 150}
5 3 7.3mm FWHM
c 11 100 |
S Scatterer
0 GAGG (1.0x1.0x6.0mm3) Rr
dedi 2dsirray z —0100 =50 0 50 104
20, detEstari2-fing Projection on a line-of-response [mm]

(a) Simulated WGI geometry
WGl €))

(b) Simple projection for the 3y mode

(b)



[1]

[2]

[1]

[2]
(3]

[4]

(5]

(6]

[7]

WGl « 3

8cm 22Na
7.7mm C 3(0)
100 — !\ 22Na@8cm off-center
80 . f l
‘ - (experiment) ‘
g S e -+Jk—17mmFWHM
S |
l O a0 f ‘l,\
- ol : o
" = © oo s %o 3 0 25 50 75 100
LSS gq - & Projection on a line-of-response [mm]
(a) Developed WGI system (b) Simple projection for the 3y mode
WGl (@) (b)
WGl

2

T. Hofmann, M. Pinto, A. Mohammadi, M. Nitta, F. Nishikido, Y. lwao, H. Tashima, E.
Yoshida, A. Chacon, M. Safavi-Naeini, A. Rosenfeld, T. Yamaya, K. Parodi, “Dose
reconstruction from PET images in carbon ion therapy: a deconvolution approach,”
Phys. Med. Biol., vol. 64, 025011, 2019.

R. S. Augusto, A. Mohammadi, H. Tashima, E. Yoshida, T. Yamaya, A. Ferrari, K.
Parodi, "Experimental validation of the FLUKA Monte Carlo code for dose and
B+—emitter predictions of radioactive ion beams," Phys. Med. Biol., vol. 63, 215014,
2018.

28
! PET 28
, 2018. ( ) ( )
, “ Next-Generation Application-Dedicated PET Systems,” 1
, 2018. ( ) ( )

, PET -OpenPET PET WGI-,” JSRT 2018

HRAAIED D IR BT~ 4 & BT 2 i R k2 ~, 2018,
( ) ( )

Taiga Yamaya, “ Current Status of NIRS Imaging Physics Research,” Workshop on
Multiple Photon Coincidence Imaging, 2018. (Narita Campus, International

University of Health and Welfare) ( )
S. Liprandi, S. Takyu, T. Binder, G. Dedes, K. Kamada, M. Kawula, R. Lutter, F.
Nishikido, I. I. Valencia, R. Viegas, T. Yamaya, K. Parodi, P. G. Thirolf, "Monolithic

LaBr3(Ce) absorber and segmented GAGG scatter detectors in a Compton camera
arrangement for medical imaging,” 2018 IEEE Nuclear Science Symposium and
Medical Imaging Conference, M-20-03. (2018, oral; Sydney)

H. J. Rutherford, A. Chacon, S. Guatelli, Y. lwao, H. Tashima, E. Yoshida, F. Nishikido,
A. Kitagawa, M. Nitta, S. Takyu, G. Akamatsu, T. Hofmann, A. Mohammadi, K. Parodi,
T. Yamaya, M. - C. Gregoire, A. B. Rozenfeld, M. Safavi-Naeini, "Dose Quantification in
Carbon Therapy using In-Beam Positron Emission Tomography,” 2018 IEEE Nuclear
Science Symposium and Medical Imaging Conference, M-20-04. (2018, oral; Sydney)

F. Nishikido, M. Uenomachi, Z. Zhihong, K. Shimazoe, Y. Okumura, E. Yoshida, H.
Tashima, K. Parodi, H. Takahashi, T. Yamaya, "Development of silicon detectors of
whole gamma imager for low energy gamma ray measurement,” 2018 IEEE Nuclear
Science Symposium and Medical Imaging Conference, M-22-03. (2018, oral; Sydney)




[8] S. Takyu, E. Yoshida, N. Inadama, F. Nishikido, M. Nitta, K. Kamada, K. Parodi, T.
Yamaya, "Development of the 4-Layer GAGG DOI Detector for a Scatterer of Compton
Camera," 2018 IEEE Nuclear Science Symposium and Medical Imaging Conference,
M-03-034. (2018, poster; Sydney)

[9] A. Chacon, H. J. Rutherford, A. Mohammadi, T. Yamaya, G. Akamatsu, Y. Iwao, H.
Tashima, M. Nitta, S. Takyu, F. Nishikido, A. Kitagawa, T. Hofmann, M. Pinto, K.
Parodi, M. - C. Gregoire, A. B. Rozenfeld, S. Guatelli, M. Safavi-Naeini, "Validation of
Geant4 Monte Carlo Toolkit Physics Models for Use in Heavy lon Therapy,” 2018 IEEE
Nuclear Science Symposium and Medical Imaging Conference, M-03-394. (2018,
poster; Sydney)

[10] Y. Okumura, E. Yoshida, H. Tashima, M. Suga, N. Kawachi, K. Parodi, T. Yamaya,
"Sensitivity improvement in 44Sc whole gamma imaging: simulation study," 2018
IEEE Nuclear Science Symposium and Medical Imaging Conference, M-07-077. (2018,
poster; Sydney)

[11] A. Mohammadi, E. Yoshida, Y. Okumura, M. Nitta, F. Nishikido, A. Kitagawa, K.
Kamada, K. Parodi, T. Yamaya, "Compton-PET imaging of 10C for Range Verification
of Carbon lon Therapy,” 2018 IEEE Nuclear Science Symposium and Medical Imaging
Conference, M-14-420. (2018, poster; Sydney)

[12] , , , , , , Katia Parodi, ,

Whole Gamma Imaging

“

, 37
, pp- 102-105, 2018. ( , OP2-1)
[13] , ; , , " PET
65 , 02-036,
2018 (19a-A304-11, ).

[14] Taiga Yamaya, Eiji Yoshida, Hideaki Tashima, Atsushi Tsuji, Kotaro Nagatsu,
Mitsutaka Yamaguchi, Naoki Kawachi, Yusuke Okumura, Mikio Suga, Katia Parodi,
“Whole gamma imaging (WGI) concept: simulation study of triple-gamma imaging,” J.
Nucl. Med., vol. 58, no. supplement 1, 152, 2017 (SNMMI 2017 Annual Meeting, oral,
No. 152, , Highlighted)

[15] Taiga Yamaya, Eiji Yoshida, Kotaro Nagatsu, Hideaki Tashima, Yusuke Okumura,
Mikio Suga, Naoki Kawachi, Kei Kamada, Peter G. Thirolf, Katia Parodi, “Whole
gamma imaging (WGI) concept: demonstration of 44Sc triple gamma imaging,” 2017
World Molecular Imaging Congress Program Schedule and Abstract Book, LBA 24,
2017. (oral, )

[16] Taiga Yamaya, Eiji Yoshida, Hideaki Tashima, Yusuke Okumura, Mikio Suga, Naoki
Kawachi, Katia Parodi, “Whole gamma imaging: a simulation study of a novel
combination of PET and Compton imaging,” The 12th Asia Oceania Congress of
Nuclear Medicine and Biology (AOCNMB 2017), BM1VIID-02, 2017. (oral,

)

[17] S. Takyu, S. Liprandi, F. Nishikido, A. Mohammadi, E. Yoshida, S. Aldawood, T. Binder,
M. Mayerhofer, R. Lutter, 1. I. Valencia Lozano, G. Dedes, K. Kamada, K. Parodi, P. G.
Thirolf, T. Yamaya, “Development of a DOI-based Compton camera for nuclear
medicine application,” 2017 IEEE Nuclear Science Symposium and Medical Imaging

Conference, M-08-003. ( )
[18] S. Liprandi, S. Takyu, S. Aldawood, T. Binder, G. Dedes, K. Kamada, R. Lutter, M.
Mayerhofer, A. Miani, A. Mohammadi, F. Nishikido, D. R. Schaart, I. I. Valencia

Lozano, E. Yoshida, T. Yamaya, K. Parodi, P. G. Thirolf, “Characterization of a
Compton camera setup with monolithic LaBr3(Ce) absorber and segmented GAGG
scatter detectors,” 2017 IEEE Nuclear Science Symposium and Medical Imaging
Conference, M-08-110. (poster, )

[19] Eiji Yoshida, Hideaki Tashima, Yusuke Okumura, Mikio Suga, Naoki Kawachi, Kei
Kamada, Katia Parodi, Taiga Yamaya, “Concrete realization of the whole gamma
imaging concept,” 2017 IEEE Nuclear Science Symposium and Medical Imaging
Conference, M-21-2, 2017. (oral, )

[20] Taiga Yamaya, Eiji Yoshida, Hideaki Tashima, Yuto Nagao, Mitsutaka Yamaguchi,
Naoki Kawachi, Makoto Sakai, Yusuke Okumura, Mikio Suga, Katia Parodi, "Whole
gamma imaging concept: feasibility study of triple-gamma imaging," , Vol. 37,
Sup. 1, p. 55,2017. ( 113 , 0-038, English oral,

[21] Yusuke Okumura, Mikio Suga, Hideaki Tashima, Makoto Sakai, Mitsutaka
Yamaguchi, Yuto Nagao, Naoki Kawachi, Taiga Yamaya, Eiji Yoshida, "Whole gamma
imaging concept: Compton-PET imaging simulation for positron emitters," ,



vol. 37, Sup. 1, p. 56, 2017. ( 113 , 0-039, oral,

)
[22] , , , , , Katia Parodi, "
PET 3 .78
, 7a-A401-1, 2017.
[23] ,“ Whole gamma imaging (WGI) PET
(IEICE Technical Report), Vol. 117, No.
220, pp. 13-14, 2017. ( (M1), ( )
[24] " 1? (PET)
161 102
, 2017. ( )
[25] Taiga Yamaya, Katia Parodi, “ Whole gamma imaging,” International Open
Laboratory Symposium 2017 Abstracts, pp. 11-12, 2017 ( )

[26] Taiga Yamaya, “ PET Innovations at NIRS - How Imaging Improes Quality of Life,”
proceedings for the 5th Intl. Conf. on Informatics, Electronics & Vision (ICIEV), 2016
( )

[27] Eiji Yoshida, Hideaki Tashima, Craig S. Levin, Katia Parodi, Taiga Yamaya,
“Sensitivity and spatial resolution simulation of a PET-Compton insert imaging
system,” 2016 IEEE Nuclear Science Symposium and Medical Imaging Conference,
MO04D-10, 2016. (poster, Strasbourg)

[28] Jianyong Jiang, Eiji Yoshida, Hideaki Tashima, Kohei Shinohara, Mikio Suga, Taiga
Yamaya, "Geant4 simulation study of a Compton-PET imaging system using advanced

3D positioning detectors," , 36 Sup.1( 111

), p- 190, 2016. (O-146, )

0
o 1

PET PET
2017-29405,
2017
o 0
PET

https://www._nirs.gst.go.jp/usr/medical-imaging/ja/study/



€y

@

Suga, Mikio

00294281

Takahashi, Hiroyuki

70216753

Yoshida, Eiji

Nishikido, Fumihiko

Tashima, Hideaki

Obata, Takayuki

Tsuji, Atsushi

Nagatsu, Kotaro

Mohammadi Akram

Shimazoe, Kenji



